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DIFFERNJTIAL THERMAL STUDIES OF CLAY-STARCH FILMS
INTRODXCTION
The efficiency of an adhesive as a binder for pigments in the
coating of paper and paperboard is a function of many variables including
the manner in which the material is adsorbed at the pigment surfaces (1).
These surfaces provide a unique chemical environment that may influence
the properties of the absorbed adhesive. Failure of an adhesive bond
rarely occurs at the adherend-adsorbant interface (1, 2, 3); therefore
the properties of the adsorbed bonding material and their contribution
to cohesive strength in the boundary layers near the interface are of
importance. The writer has proposed that adsorption of an adhesive such
as starch on the surfaces of pigments, and on kaolin clay in particular,
could cause a change in the properties of the starch from those properties
observed in a free film.
It is suggested that the adsorption of starch layers by the
clay would be with such energy levels that a higher temperature would be
required to decompose the adsorbed starch than similar nonadsorbed starch.
The clay would therefore be responsible for holding starch tightly and
perhaps the first few adsorbed layers would be held most tightly. These
starch layers could even possess a unique crystalline form in the region
of this clay-adhesive interface. The interfacial properties at this
junction are considered to be of particular importance. The work reported
herein is concerned with the thermal decomposition of starch in the presence





The original concept for which the differential thermal analyses
(D.T.A.) were made on the clay-starch systems in this study was quite
simple. If starch alone gave a good differential thermal characterizing- 
curve, it should also show the same characteristic thermal decomposition
in the presence of another material, such as clay, if no interaction was
present. Clay (kaolin) has an initial decomposition temperature of about
525-550 C. (5) whereas starch has a thermal breakdown beginning at about
250-260 C. (6). If the clay has an influence on the properties of the
starch, the effect could be evident since the two temperature changes are
quite different and are widely separated on-the D.T.A. chart.
During the spring and summer months of 1964, preliminary studies
were made of differential thermal analysis (D.T.A.) techniques. The
equipment used was the Du Pont 900 D.T.A. apparatus on loan from the
Du Pont Company. The brief study described here is only introductory as
to the experimental procedures and interpretations that are potentially
possible with this type of equipment.
EXPERIMENTAL
The theory proposed above was studied using pigment coating
films prepared from colors containing Special Hydratex Clay (kaolin clay
from the J. M. Huber Corporation) and Superfilm 40 (hypochlorite oxidized
starch from Stein-Hall & Company, Inc.) as the adhesive. The clay was
dispersed to a minimum viscosity at 72% solids and at pH 7.5 using 3 meq.
of Quadrafos per 100 grams of clay as the dispersing agent-. The starch




minutes at 950C. The adhesive slurry was added to clay in amounts equal
to 2, 4, 8, 12, 16, and 20% starch based on the weight of the clay.
The final coating colors were formulated at 55% total solids
and allowed to condition for three hours at 73°F. Films of each color
were formed on glass using a Bird drawdown bar to spread the film. The
films were air dried at 50% relative humidity and then scraped from the
glass surface with a razor blade forming a powder for further test.
The powders of the samples to be tested were packed into macro-
thermal cells and heated at a rate of 30°C. per minute in the Du Pont 900
Differential Thermal Analyzer using glass beads as the reference standard.
In the studies of kaolin clay alone, calcined alumina was used as the
reference standard. The differential temperatures were plotted on the
instrument recorder and the AT curves corrected for scale shifts. The
recorded temperatures were corrected for the chromel-alumel thermocouple
calculated from calibration curves supplied with the instrument.
Initial decomposition temperatures were obtained from the D.T.A.
curves by determining the intersection of the slope of the background line
joining the shoulders of an endotherm dip and the extension of the most
linear part of the low temperature side of the dip in the curve as suggested
by Vassallo and Harden (7). The final decomposition temperature was taken
aS that temperature represented by the minimum point in the endotherm.
Interpretations were made in the temperature ranges of 225-325 C. for starch
and 500-6000C. for the clay. The low temperature endotherms in the range of
90-120 C. are normally attributed to the loss of free or uncombined water




The reproducibility of the D. T. curves was not as good as
desired due to a lack of experience and familiarity with the equipment
as well as needed refinements in the techniques of sample preparation. 
Therefore, at present, there is a-limitation to the reliability in the
interpretations of these data. However, the results for the duplication
and series sequence that were obtained with the equipment gave a fairly
good idea of what potentially can be expected from such procedures.
RESULTS AND DISCUSSION
STARCH-CLAY STUDIES
The data obtained from the D.T.A. studes on starch-clay films
are given in Table I and the characteristic thermal curves are shown in
Figure 1. These data indicate that the initial decomposition temperature
of starch was increased in the presence of clay. This value remained
greater than 270-2800C. until 16% starch was present. Above this level,
the initial decomposition temperature dropped to 245°C. and the minimum
point in the endothermic portion of the curve was 285-295 C., rather than
295-315 C. The temperature shift in this range appears to be significant





EFFECT_OF CLAY PIGMENT ON DECOMPOSITION TEMPEATURE OF STARCH
(Presumably adsorbed) -
Starah Test Low D.T.A. Points, oC.
Added, Environ- Temp., Initial Peak
% ment Minimum Peak Minimum
O Air 
4 " ? 270 305
8 " 120 284 305
110 290 312
12 " 132 270 305
16 " 122 271 307
120 289 313
132 275 301 (?)
20 " 123 246 295
Starch Air 122 245 293
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It is of interest to note that 16-17% starch based on clay is a
level considered to have adequate-bonding strength with -this- clay coating
system on paper. This amount of starch is probably more than enough to
cover the surface of the clay with a single "monolayer" of starch. The
concept of a monolayer of starch in this system is not good, and, in
binding of pigments in coatings, the adhesive may, but does not necessarily,
cover all surfaces. The data from Cobb (4) can be calculated to show that
a "monolayer" of casein on clay is achieved at only 1% casein by weight.
The thickness dimension of an amylopectin unit for starch is uncertain
and, due to the bulk properties in the branded starch polymer, any concept
of a starch "monolayer" is difficult to visualize.
The amount of starch required for such a layer must therefore be
more than for casein--perhaps requiring 3-4% by weight. If this is correct,
8% starch would give two layers, and 16% approximately four layers. It is
known that adsorption forces are reduced rapidly with distance and further
layers may not be visualized.
Cobb (4) further points out that a monolayer concept is not in
keeping with modern ideas of bonding. Therefore, the number of layers
influenced in the studies discussed herein must be more than four and the
influence of the clay on the starch is probably structural orientation of
the polymer as well as direct polymer adsorption.
2UT-OUOQ joeft Axuo 4O SUTpuOqL Cu 'v aJo uOiTtsodffOzDp TrnJ~q; ati4 UT
9OusT4o B 2SflBo 0~u pflo& ~,ATS914pe 214 Jo tuoiqdJOsps 2T44 JT 4514 pa;se2?ns
ST. ;x 'SO-TTLJZ~ 'RueTpsq-nq-GueaJA4s SBe Ll~n 5sU9-~o3 UT SuoTs-nUIG
Ss peSfl eq LaDl js114 SUTSGJ sBe -T~t,, SBe Spot,4GW *wraC X pa-pl4s ~a Usz
ST 34 LB~TO 144Tm 2AT521{pE 214 SB T43-mES JTo sadL ietjo 
3
uTsrn A'pnqs
e144 -jo uoTsuvdxa uB JcJ flGu B, ;g4BCTpuT 0 75 S'4iLeuiT.tQXG eSeqj
UOT8Ti-oade ejoni UTB400 04 aapJO Ui '342q '2alToA rc TUTA ;S24 eU; SuTYod&
JO eoBTd UT 2Tdurms Jo SUT14ST2m '524 50 suoT;Tpuoo 'uoT;BJzdeJd ~Tm
_70 SUOT4TPUOD) 9e14 12KG TOJTUOO GJom LTQB.T2PTsuOD q44T p24sad2j eq p~noqs
SUOTqhBJ23UT UOT1&TaospB 140JS.s-A~sTD JO SGTalS 
2
4LU NJiOm TsUOT4TPP SJO A4a~OK'
GIB LwDT Jo aoueasld UT t4Czaoqs jo vra 4 uo s4u~t11T1dxe as2UJ
2144 JO UO~lJod sT14 UT 4uTod WnmgTuTu 2144 45V 2Jfl4B.12du124 SU UT eSuvrz CU
'.IGAGbMOT1 'ST a.eIjj -micJ '4D1"es papBetSoJ~eJ eq;4 UT 4.ues2Jd ST 4B14 Je;Bsm pus
J2Thsm 9915 Jo GSB9{aJ 2144 Jo UCT43UflJ B ST 'sale STU -(9>uTJe;TJo TflJasn
BST -sUO[T3.pUO PGTTCJ4-uOD S-Tn~hJszB iepun pun StUe4SR UqU J U24U O3
.124BY, 9144 04 PG4B{21 ST uOT4DB2JI o1nuGtqoPUG ett JCBTD et{; q;Te. 4u2s2Jd
1401545 Jo 411ful0T 2144 UT GSs9JDUTL Us 14TM Saxe UT aeSBSOUT LIU SMtO1S T aaTAT~




E-a.12 STql uT apan Gq ;snn; seTpnqs ajoun p172 ure4Jaaun 2J/2
4U_ sG.; a ,sjJ2TD pRsJ2&sTp 9~saT4 UC p2u--a;qo s,-rtse: GU,; .xc SUCT1rUWaCX
L~i~ 9GulTq siqq 4 c -pa2Gqo Ua2q 4OU s214 ;uGS SuTsj~,dsTr aqvjdsoqd4X~od 214;
jo GsZn 214 fioij Suq-T;nsa~ Gzc 2,T3T4Jd JO-Th2zJJ2 12 XTTenl4zY2 2Jvp2AJTGsqo
SGZDUG.XGJJ17~p 2144 40U JO.
1
0 a4421LY -II G-u~ UT UbMO14 SVa PG~pJOD9J oSlR Set fu2{ UC
UOTsJa2CS T o 432JJ9a G;Tf 'LJOT JO LW-oq T 914,4 UT p2sJGds m q2 24 9G4
se~lprt4s q)T4OJS-X2TD) a24 TO esuo 21fl UT 4,4q; paq.01 a2 PTnO14S q
smaggeJj UO,1sae5STp
SSTVDSTP 4012 PTP SNaom ST14 ;nq (4)-ma.g Lq PaPTAO.Xd sGTavmumI~s eqq
I4Tlm TTGtK a2Js~ SGAaflO 2S2144 jo sGT,~G 1219w 2141 -s4Tls2J 259q4; 4Daf
4012 PrP ua,9-z;TU JO eGzaqdSOznw UV UTUO;;VUTt~a?;ap eujL pasaadsyTpaad uaaq
4011 peng 4-tfl LuTo .ToJ ueq;4 Pe1o paszadSTpnasd 914; a~oj .xTSqosFssTa~n
uioT;;soduiaooap 2~144 Jo J2pTlo14s P9qToftadqxa 944 jo uotq-n-[uAa p14, 0009 ;V
ZnozoO on. PU-no; Sum LTO p9saedsr.paad .oj uoT~a:~ sTT4; u; ;wrod mnnrumi rnq;
'j2)A2MfH 120fl1T5odmo32p JOJ 2A~flZ D[M21;)4;OpU2 914 UT ;ulod MUzifuITuTI 9144
1~v 3,96 h0nQu jo aaJn.~Vaduma s puT pasjadsmp~sd 4012 Ste. ;B144 JCRT aqL







EFFECT-OF STATE OF CLAY DISPERSION ON DECOMPOSITION
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Based on the information obtained -in these-studies, additional
work on both starch-clay systems and dispersed clay systems is highly
recommended. These techniques together with additional information
obtained from an infrared procedure and the usual laboratory techniques
could contribute significantly to the knowledge and understanding of
coating behavior. The real manner in which the coating components
contribute to the coating properties is not as well understood as they
should be using the techniques that are potentially available.
SUMMARY
Differential thermal analysis (D.T.A.) can be used to qualitatively
and perhaps quantitatively identify starch in the presence of clay.
D.T.A. shows that adsorbed starch on clay probably has a higher
decomposition temperature than does nonadsorbed starch found in a free film.
A level of 16% starch based on the weight of clay is required before the
effect of clay on the thermal decomposition of adsorbed starch can no longer
be detected.
D.T.A. indicates higher decomposition temperatures for dispersed
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ORIENTATION S'TUDIES
CRYSTAL STRUCTURE OF ZnC12-C6 HCHO
The Weissenberg camera which was received recently has been
placed in routine operating order for the study of single crystals. An
appropriate slit system has been developed for the x-ray tube, the camera
has been aligned with respect to the x-ray tube, and numerous single
crystal rotation photographs and Weiseenberg photographs have been taken.
The crystal used for the above photographs was a benzaldehyde-
ZnC12 complex reported by Dorcheus and Williams (1). The reasons for
chosing the complex are that it was available from previous work at The
Institute of Paper Chemistry, it is an interesting chemical problem
involving a metal-carbonyl complex in which the carbonyl group is linked
to an aromatic system, it has a potential role in the benzylidation of
glucose, little structural work has been completed on ZnC12 complexes,
and the chemistry involving the zinc ion is of importance in the vulcaniza-
tion of cellulose.
Rotation photographs were recorded with the crystal aligned
about all three of its axes. Layers zero through two were recorded with
the crystal aligned about the b axis and layer zero was obtained with the
crystal aligned about the a axis. The following information was derived





from the above photographs. The benzaldehyde ZnC12 complex has monoclinic
0o °0
symmetry with cell dimensions a = 4.8 A, b = 5.6 A, and c = 21.5 A and
the monoclinic angle = 98 . Assuming 4 molecules are contained in the
unit cell, the crystallographic density is approximately 2.6 g./cm.3 .
For the hol data a reflection appears only if 1 is an even integer and
for the oko data a reflection is observed only if k is an even integer.
These conditions for the existence of a reflection indicate that the
crystal has the unique and centrosymmetric space group P21/c.
The crystals used for this work were rectangular platelets
approximately .02 mm. thick. The longest edge of the crystal as seen
under the microscope corresponds to the b axis while the short length of
the platelet corresponds to the c axis. Neither of the crystals used to
obtain the data decomposed in the short period required for the photo-
graphs, although some decomposition was apparent after a couple of days.
In future work where a long exposure to the atmosphere is necessary it
would be best to coat the crystal with a suitable material or seal the
crystal in a capillary. No effort was made to choose ideally shaped
crystals. Any future experiments would require a more careful selection
and shaping of-the crystal.
Since this crystal contains a heavy zinc atom and two chlorine
atoms of intermediate atomic number, this structure could be solved by
conventional heavy atom techniques. The shape and size of the unit cell
along with the centrosymmetric space group make this problem quite





required. This would necessitate careful preparation/selection of a
crystal and the recording of.intensity photographs. The quality of the
data would be better if these photographs were recorded at low temperatures.
This research carried out under Project 1102-8 illustrates the
amount of information which can be obtained with a minimum of time using
the camera which was recently purchased for the Physical Chemistry Section.
It is recommended that this investigation, which was initiated
and surveyed under Project 1102-8, be continued under an institutional
project over the coming months with a time allotment commensurate with
other co-operative and institutional projects being carried on at this
time.
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A PRELIMINA. E7 L C- OF IAl.N DgR la; -1A - :, 
AND SCOTZ=BAM FX_-OWAS'MA~L-''BEiBAS Ail~fr te :- -
SUMMARY
A preliminary evaluation was made of Indian guar gum as a beater
adhesive and of Cyanosize 400 and Scotchban FX806 as internal sizing
agents in paper. More specifically, Cyanosize was tested as a sizing
agent for water resistance; FX-806 as a sizing agent for oil resistance.
The guar gum was incorporated in lightly beaten bleached soft-
wood pulp at 0.5 and 2.0% addition levels in the presence of, and in the
absence of, rosin-alum size. Domestic guar gum (Iycoid OPMC) was employed
as a reference beater adhesive.
Scotchban FX-806 and Cyanosize 400 were incorporated into the
same pulp at the 0.2 and 0.5% addition levels at pH 7. Aquapel 364 was
used for reference purposes under the same conditions.
Physical test results on the handsheets revealed that, on an
average, the Indian guar gum was as effective as domestic guar gum in
improving strength properties.
Scotchban FX-806 produced a low level of oil resistance, and
Cyanosize 400 failed to provide measureable water resistance under the
conditions used in these experiments.
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The viscosity of the cooked 0.5% Indian guar gum was measured on
the Brookfield Model LVF Viscometer at 72°F. employing Spindle No. 2. The
viscosity ranged 65 to 75 cps.-at 60 to 6 r.p.m., respectively. -(Note: 
Because of insufficient sample volume to use Spindle No. 1, Spindle No. 2
was employed.)
Scotchban FX-806 was received at 30% solids. Prior to use in
sheetmaking, a 1.5-g. aliquot was diluted to 1.5% solid;with room
temperature distilled water.
Cyanosize 400 was received at 14.2% solids; prior to addition to
pulp a 3.17-g. aliquot was diluted to 1.5% solids with room temperature
distilled water.
Aquapel 364 (Hercules) was obtained from the Fox River Paper
Corpration in emulsified form at 3.3% solids. Until used in handsheet
preparation, the emulsion was kept refrigerated.
Cationic (Cato-8) starch was cooked at 2.0% solids in distilled
water for 30 minutes at 90-950 C. over steam. Following the cooking cycle,
the starch dispersir. was cooled to 25 C. for addition to the pulp.
Hercules Powder Company's Pale Rosin Size was dispersed at
approximately 4% solids in warm distiled water.
- - Reagent-grade aluminum sulfate [A12 (S04)3 18 H20 was prepared
as a 10% solution in distilled water.
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In the absence of rosin and alum, the pH of the pulp slurry was
adjusted to 7.0, after diluting to 0.5% consistency and maintained at that
level throughout the sheetmaking process by the addition of 2% sulfuric acid.
The handsheets were formed on an 8 by 8-inch Noble & Wood sheet
mold, employing a 100-mesh monel wire, at a consistency of 0.04% in filtered
tap water. In the case of the rosin-sized sheets the pH in the sheet mold
was maintained at 4.5-5.0 by the addition of 2% sulfuric acid. After
forming, the handsheets were couched onto blotters, pressed between blotters
for five minutes at a 50 p.s.i. gage reading in the Valley press. All
handsheets were dried for 7 minutes on a steam drum at 3-1/2 lb. of
steam pressure (220-2300F.).
PHYSICAL TESTS
Handsheet containing the guar gums (Indian guar and Lyccid OPMC)
plus control sheets were tested for the following: Basis weight, caliper,
apparent density, bursting strength, tensile, tear, tear factor, and M.I.T.
fold.
The handsheet sets containing Scotchban FX-806, Cyanosize 400,
Aquapel 364, plus Cato-8 and blank controls were tested for the following:
Basis weight, caliper apparent density, and fluorescence size.
Handsheets containing Scotchban FX-806 and/or Aquapel were
examined for surface oil resistance employing the 3-M Surface Oil Resistance
Kit Test. The kit is made of a graded series of twelve solutions containing
castor oil, toluene, and heptane; the higher the kit number the greater the
proportion of solvent and hence, the greater the penetrating power. Therefae,
in testing paper the higher the kit number the better is the oil resistance.



































































































































































































































































































































































































































































































































































































The results indicate that Indian guar gum is roughly comparable
to domestic guar in strength development.
With respect to unsized paper, the 0.5% addition of the guar
products produced strength improvements amounting to 22-25% in burst and
9-11% in tensile. The improvements were increased to 36-37% in burst and
11-16% in tensile at the 2$ addition level.
In rosin-sized paper the strength improvements attained at the
0.5% addition level amounted to 13-16% in burst and 15-18% in tensile. These
advantages were increased to 27-30% in burst and 24-27% in tensile at the 2%
level.
Some differences in the effectiveness of the two guar products are
indicated in the fold test results, but these may not be significant consider-
ing the variability normally encountered in this test.
Of the internal sizing agents tested, only the reference agent
(Aquapel) provided water resistance. Scotchban FX-806 provided some oil
resistance but the level attained would not be considered adequate for most
applications requiring that property.
Again it is pointed out that the conditions used in these screening
experiments may not have been favorable to the particular sizing agents tested.
Additional testing would be required for a more complete analysis.
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ITRODUCTION .
Many of the chemical systems which are of great importance to
the paper industry are systems which are not purely organic in nature but
consist of cellulose or other organic materials in contact with metal ions.
Examples of such systems would be the vulcanization of cellulose,
dissolving of cellulose, and sizing systems for paper. Here the ions of
Zx, Fe, Cu, and Al influence the properties of the systems. The hydroxyl
groups on the polyhydroxy compounds are available for some type of
interaction with the metal ions. In some cases two hydroxyl groups may
become oriented such that a metal ion can co-ordinate to both hydroxyls
forming a ring.
An example of the influence of a salt onthe behavior of a
polysaccharide is given by the reaction of certain linear polysaccharides
with iodine in a 30% solution of calcium chloride (1). In the presence of
CaCl2 the iodine complexes with the polysaccharides, but no reaction occurs
without the CaCl2.
With the immense importance of these polyhydroxy compounds in
-industry, in the biological aCfivity-of-animals, and in plant life (chemical
systems which require certain metal ions) it is disappointing to observe
that little research has been carried out on the preparation and study of






of the simple sugars has been studied in detail.
Some compounds formed by the reaction of CaC12 with the simple
sugars have been reported. The first CaC12 sugar compounds to be reported
were with D-mannose (2, 3,). These compounds had the composition mannose.
CaC12-4H20 and mannose .CaC12 .H210. The compound containing 4H20 was
crystallized from water, while the compound with 2H20 was crystallized
from an alcohol solution. From polarimetry studies it was suggested that
the conformation of mannose was different in the two mannose.CaC12 complexes(2).
In water solution association between the CaC12 and mannose existed, even
on dilution.
After the preparation of the D-mannose.CaC12 compounds, several
other sugars were reacted with CaC12. The sugars that formed complexes with
CaC12 wererk-D-gulose (4, 5), D(-)arabinose (6, 7), and D(+)xylose (8).
There is also some evidence that D-fructose1 D(+)-galactose, and sucrose
form similar compounds. The d&-D-gulose .CaCL2.H20 has been used to prepare
otherderivatives of gulose (9, 10) and-was the first crystalline product
isolated from gulose. Pure l-D-gulose is known only in the form of a syrup.
Both Zn(OH)2 (11) and Cu(OH2 ) (12) have been reported to form
compounds with the simple sugars. These compounds were not crystalline.
Aluminum has formed compounds with some Cis-Methoxycyclohexanols (13) by
means of a lithium aluminum hydride-aluminum chloride reagent in an organic
solvent.
In an effort to gain insight into this area of research some work
has been started under Project 1102-8. Attempts were made to prepare the
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r Cc. This size cell would only facilitate two molecules per unit
cell.
D(+)xylose CaC12.3H 20 -- This compound crystallized immediately after
the wate wwas removed from CaC1 2-xylose mixture by means of a rotary --
evaporater. Large rhombic shaped crystals could be obtained easily,
both from a water solution and an alcoholic solution. The crystals
were quite stable. On one occasion the crystals stood for several
hours on a glass slide with a minimum of decomposition. From the
x-ray data obtained the unit cell appears to be monoclinic with cell
dimensions of 12.9, 14.8, and 7.8 A. The calculated density is
3
1.39 g./cm.3 if the cell contains four molecules. The measured density
is 1.48 g./cm.3 .
Xylobiose.CaC12.XH20 -- Approximately one gram of impure xylobiose
and three grams of CaCl2 .2H20 ware dissolved in water. This solution
was concentrated on a rotary evaporator until crystals appeared. Because
of the impurity of the xylobiose, no attempt was made to characterize
...........- .t h . .. . . . .that
the crystals. It appeared that the xylobiose/was present formed a
crystalline compound with the CaC12.2H20.
In a manner similar to the CaC12.sugar preparation, attempts were made to
then prepare some A1C13.sugar complexes. The same simple sugars were used as
in the calcium chloride case. Equal molar amounts of Al Cl .6H20 and the
sugar were dissolved in water and'evaporated on a rotary evaporator. In all
cases a crystalline precipitate was obtained. The precipitate was studied




were those of A Cl 3.6H20. It appears that the Al C13.6H20 did not complex
with the sugars. The Al C1l-carbohydrate system would probably justify
some more study.
No crystal formation was observed when a water solution of Fe Cl3
and D(-) arabinose was concentrated on a rotary evaporator. A dark syrup
was obtained. CuC12 was mixed in a one to one molecular ratio with several
sugars including D(+)xylose dextrose and D(+) galactose. These mixtures
were dissolved in water and concentrated on a rotary evaporator until fine
needlelike crystals appeared. Separating the crystals from the syrup was
difficult, but it appeared that a very hydroscopic crystalline compound
formed between CuC12.2H20 and the carbohydrates.
There are a glup of compounds that can be prepared by the reaction
of Cu(OH)2 and carbohydrates (12). Some of these compounds were prepared,
and they were found to be noncrystalline solids unsuitable for x-ray
diffraction studies.
One of the primary difficulties in forming complexes with the
sugars is finding suitable solvent systems. Solvents which are not polar
do not dissolve the simple sugars. The more polar solvents which dissolve
the sugar may compete with the sugar for the co-ordination to the metal atom.
CONCLUSIONS
From the work completed herebn Project 1102-8 several possibilities
exist for future research:
(1) Encouragement should be extended to chemists interested in
the preparative aspects of these complexes. In the future
model systems can perhaps be developed for studying important




(2) Mannose is believed to be in the furanose form in the
D-mannose.CaC12.4H20 compound. This feature of the sugar
along with the nature of its co-ordination to metal in the
complex makes this a good crystal structure problem. No
compound involving Ca co-ordinated to a polyhydroxy compound
has been studied in detail.
(3) D(+)xylose.CaC1 2.3H 2 0 forms a very stable crystal of good
shape and size. The stability of this complex is quite
intriguing. Its ease of handling and crystal data make it
a likely prospect for structure studies.
($) An extremely interesting complex to study would be
i-D-gulose.CaC12.H20. There is a great deal of confusion
on the conformation of c-D-gulose and its derivatives both
in solution and the solid state. Recent work by infrared
and N.M.R. spectroscopy fail to give conclusive evidence
on the conformation of the pyranose fing.
(5) A complex between xylobiose and calcium chloride would
provide a good opportunity for studying the structure of
xylobiose. A completed structure of this complex would
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CRYSTALLOGRAPHIC DATA OF SOME CARBOHYDRATES
SUMMARY
Structure determinations of the lower members of the cellodex-
trins are a direct way of determining the structure of Cellulose II and
ultimately Cellulose I. As an initial step in this structure work,
attempts were made to prepare suitable crystals of cellotriose, cello-
tetraose, and cellopentaose by slow crystallization of the small amounts
of these materials available. The attempts were not successful and it
is felt that greater quantities of pure materials are needed.
A survey of x-ray diffraction data was made of methyl-0 -glucoside,
methyl-S-cellobioside, D-galacturonic acid, andf -D-mannose. The first
two compounds are often used as model compounds for cellulose studies and
thus knowledge of structure similarities and differences between these,
their corresponding sugars, and cellulose is important. The last two
compounds are structures basic to hemicelluloses and are a necessary step
in their structure determination.
Suitable crystals were obtained of the first three compounds.
In each case the solution of the crystal structure was found to be feasible
with only one molecule in the asyymmetric unit and with the cell dimension
and crystal symmetry giving a good indication of the molecular location in
the unit cell. Although suitable crystals off -D-mannose were not available,




the unit cell data in the literature indicates that this structure is also
amenable to solution. These structures should be done either by thesis
research or by project, the results and experience of-which will be very
valuable for polysaccharide structures.
INTRODUCTION
Because of the close similarity between the crystal structure of
Cellulose II and that of cellotetraose and larger cellodextrins, knowledge
of the cellodextrins' structures would be exceedingly useful in elucidating
the detailed structure of cellulose. The purpose of this study is to survey
the cellotriose, cellotetraose, and cellopentaose materials available as
regards to crystallographic data (unit cells, space groups, density) ao that
a specific program may be proposed for this structural objective. These
materials are available in powders so that attempts to prepare crystals
of sufficient size (.1 mm dimension or larger) are necessary for the
crystallographic work to proceed.
Because methyl-p -glucoside and methyl-/-cellobioside are used
frequently as model compounds for cellulose and are easily obtained in
single crystal form, a crystallographic survey of these was also made. In
addition, a crystallographic survey was attempted for D-galacturonic acid






SINGLE-CRYSTAL PREPARATION BY CRYSTALLIZATION ---
Cellotriose. Cellotetraose, and Cellopentaose
Slow crystallization was carried out by dissolving the small
quantity (50-80 mg.) of compound in a minimum amount of distilled water at
60°C. contained in a test tube suspended in a water bath of 500 ml. volume.
Propanol was added dropwise to the solution until the first traces of
turbidity appeared. Water was then added dropwise until just to clarity
again. The whole water bath system was then allowed to cool slowly. In
spite of the care taken, the crystals formed were too small to be useful.
Another solvent system or nucleation method will have to be found.
Methyl-/ -Glucoside, Methyl-t/-Cellobioside, D-Galacturonic Acid, and D-Mannose
Crystals of methyl-/glucoside were prepared by dissolving the
material in propanol at 90 C. adding a few drops of water to the solution
and allowing it to cool slowly in a water bath.
Crystals of methyl-} -cellobioside were prepared by Alan Bills by
slowly cooling a hot methanol solution.
Crystals of D-galacturonic acid were prepared by dissolving the
material in water at 90°C., adding propanol dropwise until turbidity, and
cooling slowly in the water bath.
The one attempt to prepare D-mannose crystals by slowly cooling a





CRYSTAL STRUCTURE INFORMATION FROM X-RAY DATA
Single -crystals of methyl-^-glucoside and methyl-/ -cellobioside
were mounted on the end of glass fibers with the aid of a small amount of
silicon grease. Single crystals of D-galacturonic acid were mounted and
sealed inside 0.05 cm. diameter glass capillaries since these crystals
appeared to decompose slowly in air.
X-ray diffraction rotation patterns were taken about each principal
axis of the crystals followed in each case by x-ray diffraction, equal
inclination Weissenberg patterns for the zero and the second layer. The
crystal class, unit cell dimensions, and possible space groups were
determined from the x-ray diffraction data. The volume of the unit cell can
be used to calculate the crystal density if the number of molecules per unit
cell is assumed (compatible with the symmetry operations in the space group
and the assumed molecular weight) The unit cell volume may also be used to
calculate the number of molecules per unit cell or molecular weight if the
crystal density is known.
Methyl-/ -D-Glucoside
Methyl-/ -D-glucoside crystalizes as the hemihydrate (1). The
crystal was found to be tetragonal, a . b - 7.3A, c = 34.3A , space group
P41212 with Z = 8 (Z is the number of molecules per unit cell), x = 1.48,
p = 1.43 (px and p refer to the density calculated from the x-ray data
and to the density measured by the flotation method). This agrees with
the data reported by Cox and Goodwin (2): tetragonal; a = 7.3 R, c = 33.6 2;
P4 2 2; Z = 8, but Werde (3) reports a measured density of 1.48. Our




The space group P4 2 2 has eightfold general symmetry and four-
fold special symmetry;.therefore the asymmetric unit consists of one
methyl- -D-glucoside molecule in the eightfold symmetry and the water of
hydration is in the special fourfold symmetry. Although this space group
is noncentrosymmetric, this structure ought to be solvable with only one
molecule in the asymmetric unit. The long fourfold axis (34.3 A) means
the molecule lies approximately parallel to this direction with molecule
pairs bridged with a water of hydration.
Methyl-k-Cellobioside
The crystal was found to be monoclinic, a = 8.2, b = 24.3,
c = 4.6 A, and/"= 112°, space group P2 or P2 /m, Z = 2, p = 1.45,
p = 1.45. The x-ray density is based on a monohydrate since the observed
density leads to a calculated molecular weight of 372, methyl-/ -cellobioside
* H20 = 374. Space group P2 is the only space group compatible with the
molecule since P2 /m would require in this case that the cellobioside
molecule have a mirror plane.
The asymmetric unit is one hydrate molecule which is on a screw
axis in the b direction, the long axis. The major direction of the molecule,
the chain direction, therefore lies approximately parallel to the b axis.
The relatively short c axis (4.6 R) is about the thickness of the puckered
ring so the molecular packing is fairly well indicated; Although this space
group is asymmetric, this crystal structure should be solvable, particularly
with the structure of cellobiose (4) already available. The cellobioside
structure would be particularly interesting because of the possible comparison
of the glycosyl bond of a sugar aglycon and methyl aglycon in the same




structure would be very informative in regards to their use as model
cellulose compounds. The cellobiose structure data are not as accurate as
would be desirable and would probably be worth repeating.
D-Galacturonic Acid
D-galacturonic acid crystallizes as a monohydrate. The crystal
was found to be orthorhombic, a = 7.6, b = 23.8, and c = 4.9 A, space group
P21212' Z 4 = = 1.59, P = 1.59. The asymmetric unit is one hydrated
molecule and, although the space group is asymmetric, the structure should
be solvable. It is particularly interesting to note, as in the case with
methyl- -cellobioside, that the dimensions of the long and short axes and
crystal symmetry fairly well limit the molecular packing to the sugar ring
being parallel to the b-c plane.
P -D-Mannose
Although, -D-mannose crystals were not obtained, the literature
(5) reports the crystal to be orthorhombic, a - 7.62, b = l8.18, and c = 5.67,
space group P21 21 and Z = 4. As in the above cases, the asymmetric unit
is one molecule and, although the space group is asymmetric, the structure
should be solvable.





Conditions for obtaining suitable crystals of members of the 
cellodextrins have not yet been fund. Larger quantities of pure material
will probably make crystal growing easier.
The crystal structures of methyl- -glucoside * 1/2H20 ,
methyl- -cellobisoide . H20, D-galacturonic acid . H20, and r-D-mannose
are amenable to solution by x-ray diffraction techniques.
RECOMMENDATIONS
Greater quantities of pure cellodextrins are currently being
prepared by N. Povey in his thesis research. When these are available,
suitable crystal preparation of the cellodextrins should then be attempted.
The crystal structure determinations of methyl-/,-glucoside,
methyl- -cellobioside, D-galacturonic acid, and /-D-mannose would each
contribute significantly to our knowledge of sugar structures and ultimately,
to the structure of polysaccharides such as cellulose and hemicelluloses.
The problems could be approached by attempting to apply current structure
knowledge to the solution. This technique will be exceedingly helpful in
the structure determination of polysaccharides. These structure problems
would make good Ph.D. theses research for the right students and every effort
will be made to encourage student interest. Otherwise, this work will be
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QUATERNARY SURFACTANTS AS RETENTION AIDS FOR STARCH XANTHIDE
AN-EXPLORATORY EXPERIMENT 
SUMMARY
An exploratory experiment has confirmed the belief that a small
amount of quarternary surfactant would enhance sorption of starch xanthide
by papermaking fibers. Octadecylamine acetate (2.5 g. per 100 g. xanthide
starch) is more effective at 25°C. as a retention aid for starch xanthide
on fines-free bleached kraft fiber than .0002 N alum (9% on fiber weight).
Previously, alum was essential for retaining starch xanthide in handsheets.
Alum is effective for this purpose only in acid media. Similar surfactants
have been effective retention aids for cornstarch at pH 9. By analogy it
should be possible to treat paper effectively with starch xanthide in
alkaline systems.
INTRODUCTION
This report describes an exploratory study of a way to improve
the retention of starch xanthide in handsheets. The specific combination
of materials and conditions is related to Project 2580, 2541, and 2615, but
is sufficiently different to warrant an evaluation separately.
The performance of pearl cornstarch as a beater adhesive is
enhanced by the addition of small amounts of quarternary surfactants (1).
FORM 7-3
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Since starch xanthide (oxidatively cross-linked starch xanthate) does retain
the ability of the parent starch to form the blue colored complex with iodine
and potassium iodide, it was felt that it should also be able to complex with
fatty materials-such as the-quaternary surfactants. The information available
to us indicates that complex formation is involved in some way with the
improved performance of corn starch.
If starch xanthide-quarternary surfactant complexes are formed
then two advantages might be anticipated. One, of course, is the positive
charge imparted by the quaternaryammonium group should reduce the energy
barrier separating the fiber surface and the xanthide particle. The second
advantage could be the stabilization of starch xanthide preparations so that
coagulation is reduced. Coagulation or aggregation of the xanthide with
itself appears to reduce its effectiveness (2). Only the aspect of improved
retention is evaluated at this time.
EXPERIMENTAL
DESIGN OF EXPERIMENT:




XCTADCYLAMINE ACETATE STOCK SOLUTION
n-Octadecylamine (12.802 g. .0482 moles) was dissolved in warm




acid, cooled and made up to 1,000 liters. This use of this amine and the
quantity used is based on data obtained under Project 2615.
STARCH XANTHIDE
Starch xanthide was prepared separately from the paper fibers
(ex situ) from starch xanthate provided by the U.S.D.A. for Project 2580.
The xanthate (26.59 g. Run No. 510, 9.4 g. starch per 100 g. solution) was
diluted with 1470 ml. deionized water in a 2-quart fruit jar and brought to
20.00C. in a water bath. A magnetic stirrer, driven from underneath the water
bath, was used to mix the solution. Twenty per cent acetic acid was added to
give a pH of 5.3 to 5.4. During the five-minute interval after acidification,
5 ml. of 5% (w/v) potassium iodide was added to the solution. The xanthide
was formed by titrating the solution with acidified 1% sodium hypochlorite
(1 volume of Hi-lex diluted to 4 volumes, acidified with acetic acid to pH 5.0
to 5.5, and then made up to 5 volumes) to the blue endpoint produced by
iodine and starch. Octadecylamine acetate (4.00 g. stock solution) was
added at this point. -The opalescent preparation was diluted to 2000 ml.
(0.125% starch w/v) and returned to the 200C. water bath. Separate xanthide
preparations were made for each sorption condition.
PREPARATION OF THE FIBER SUSPENSION
Fines-free Rayonier bleached kraft fiber beaten to 700 S.-R. before
classifying and dewatering (17.14 g. dry basis) was resuspended in 2 1. deionized
water in a British disintegrator (300 counts) and diluted to 10.00 liters.
When alum was used, 15.2 ml. of 10% solution (w/v) was added at this point.




are combined. Fourteen hundred-milliliter portions of the fiber suspension
were placed in two-quart fruit jars and equilibrated to 25.7 C. in a water
-bath.
COMBINING XANTHIDE AND FIBER
Fifteen minutes after the cross-linking reaction was completed,
200-ml. portions of the opalescent starch xanthide preparation were added
to the fiber suspensions. The materials were blended by manual shaking
for the short exposures (15, 30, and 60 sec.) or by mechanical stirrers for
the longer contact periods ( 4, 16, ard 32 minutes). The last three jars
of fiber and xanthide were returned to a 25.0°C. water bath. (200 ml. at
20°C. blended with 1400 ml. at 25.7°C. equals 1600 ml. at 25.0°C.) At the
end of the specified contact period the fruit jars were dumped into the
Noble and Wood sheet mold (8 liters deionized water in deckle box) as the
valve was tripped. The deckle box emptied in about six seconds.
The handsheets were couched onto a blotter but were not pressed.
Drying was done between blotters for three minutes on a steam drum, couch
blotter up. This interval leaves the sheet and blotter damp enough for the
sheet to be removed easily and dried on the steam drum for three more
minutes. (This procedure avoids having the handsheet and blotter become
inseparable at higher xanthide retentions.)
The order of making the sheets is shown below:
Order of Xanthide Sorption
Operation Addition Termination
1 15 sec. 15 sec.
2 30 sec. 30 sec.
3 32 min. 60 sec.
4 16 min. 4 min.
5 4 min. 16 min.




This sequence introduces the xanthide into all of the samples
within about 8 minutes. The age of the xanthide preparation thus is from 15 to
-23 minutes when it is-mixed with the fiber. The experimental conditions are
summarized in Table I.
TESTING PROGRAM
The single handsheets prepared for each condition and sorption
time were tested for wet tensile strength and starch xanthide content
according to the procedures being used for Project 2580.
TESTING DATA
The results of the testing program are shown in Table II.
DISCUSSION
Adding a small amount (2.5%) of the quaternary surfactant
octadecylamine acetate to starch xanthide immediately after cross-linking,
improves xanthide sorption by bleached kraft fibers over that obtained
in 0.0002 M alum. Wet tensile strength is similarly improved. It appears
that using the surfactant and alum together lowers sorption over that
obtained with the surfactant alone. However, this effect is small and needs
verification. The effectiveness of the starch xanthide is reduced by using
alum and surfactant together. This is shown in the last column of Table II.
The wet tensile strength developed per gram of xanthide in the handsheet is




data for alum and surfactant alone appear to be similar, yet different than
those for combination of retention aids.
In Figure 1, xanthide sorption is a linear function of the logarithm
of the sorption time. This is consistent with previous experience (3).
Figure 2 is a double log plot of the sorption rate against time.
An infinite initial sorption rate would be predicted for all three conditions
on the basis of the apparent linearity of the curves.
The finding that a quaternary surfactant improves retention of
starch xanthide is important. Previously, the use of starch xanthide was
limited to applications compatible with alum. The fact that starch xanthide
responds to long chain fatty amine salts similarly to the parent starch
suggests that xanthide may be used effectively in alkaline systems at least
as high as pH 9 (4).
FUTURE WORK
In addition to determining the effective pH range for fatty
amine salts as retention aids for starch xanthide, the effect of these
materials upon the cross-linking reaction should be examined. It is possible
that cross-linking (to produce xanthide from xanthate) in the presence of
the surfactant could produce a more stable xanthide preparation. This might
allow cross-linking at higher concentrations (i.e., higher than 0.17%) or
extend the usable life of the xanthide preparation.
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